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Incidences of landslide hazards are quite common in the hilly terrain of Himalayas. These landslides not only damage the hill slopes 
causing enormous loss of slope forming materials but also become responsible for creating frequent disturbances to the moving 
traffics on hill roads and consequent adverse socio-economic impacts to the communities. As road communication system is the only 
lifeline for the people residing in the hilly terrain of Himalayas, detailed scientific study of landslide-affected area is , therefore, very 
much essential to overcome all sorts of geo-environmental and socio-economic problems created by the landslide. Numbers of 
landslides have already occurred along the stretch of the hill slope adjoining the Almora – Baijnath – Gowaldam – Karanprayag (A-B-
G-K) State Highway, located in Uttaranchal, in India. The present paper deals with such a problematic Narayanbagar Landslide at 129 
km on this Highway. This landslide affected area is situated within the vicinity of Narayanbagar town  on the left bank of River Pinder. 
This is the only road, which connects the two Commissionaires (Garhawal and Kumaun) of Uttaranchal State.  Because of the present 
existing situation of Narayanbagar, which is lying very close to the boundary of Almora and Berinag Nappe, the geology has played a 
very important major role in creating slope instability in this area. Both geological and geo-technical studies have, therefore, been 
carried out with a view to understand the cause and mechanism of failure of the hill slope materials and to suggest the best possible 




India has one of the largest networks of the road, out of which 
more than 44000 km consists of Himalayan roads. Road 
communication system is the only mean of transport and 
communication for the people residing in the hilly terrain of 
Indian Himalayas, which plays a vital role in the economic 
growth of the region, and thus also plays a very major role in 
socio-economic development. Landslide hazard is one of the 
most widely spread hazard which causes frequent damages to 
the mountain roads in India. Break down of this  public utility 
system due to such events, causes hardship to the public in 
general and travelers in particular. Landslides have an effect 
on the normal life of the area with all the accompanying ill 
effects on economic activity (Ayyar, 1975). It also causes  the 
non-repairable environmental loss by destroying the forest 
cover and losing enormous quantum of fertile soil cover from 
the slopes. There are large number of regions, where 
landslides are a regular and recurring feature. The people of 
such areas tend to live with it as a nature’s curse.  
 
The present paper summarizes the engineering geological and 
geotechnical investigations carried out for the problematic 
Narayanbagar landslide at 129 km on a very important Almora 
– Baijnath – Gowaldam – Karanprayag (A-B-G-K) State 




The Narayanbagar landslide (Fig.1) is located in the vicinity 
of Narayanbagar town on the main state highway namely 
Almora – Bajnath – Gowaldam – Karanprayag at 129 km. The 
Narayanbagar is situated on the bank of Pinder River in Lower 
Himalaya of Garhwal hills of Chamoli District (Uttaranchal). 
Almora – Bajnath – Gowaldam – Karanprayag is an important 
and the only road, which connects the Garhwal  





















































































































Figure 1: Front View of Narayanbagar Landslide 
Pinder River  
A – B – G – K  ROAD 
PWD report, August 1994 
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and Kumaun Commissaries of Uttaranchal Pradesh. Deval, 
Tharali and Narayanbagar divisions are also connected with 
this route. Moreover, It is an important means of 
communication for the army transport for supply purposes as 
it leads to the border areas. This road also helps the farmers of 
the region to transport the agricultural products such as Potato, 
Apple, Kinno, Peach, and other items. However, due to 
interruption of the traffic, there has been considerable loss to 
the State exchequer and to the local people of the area. The 
landslide has also engulfed a large area of land in the middle 
of the town. 
 
 
History of the Narayanbagar Landslide  
 
Almora – Bajnath – Gowaldam – Karanprayag (A-B-G-K) 
road constructed in 1962-63, is one of the main roads of 
Uttaranchal Province, which connect the Garhwal & Kumaun, 
two sub-province of Uttaranchal. This road is 61 km long, 
starts at km 88 and ends at km 149. A-B-G-K road is facing 
landslide problems since its birth in 1962-63. This landslide is 
situated within the vicinity of Narayanbagar town on the left 
bank of the river Pinder, which is a tributary of River 
Alaknanda. This slide first occurred in 1972 at km 129, and 
later expanded and created lot of problems in rainy season of 
the year 1993. Initially, Narayanbagar landslide started at 
place ‘A’ in 1972 and later in 1993 at another place ‘B’ (Fig. 
2). Further aggravation has reduced the gap between both     
‘A’ and ‘B’ and got merged to form a single landslide called 





Field investigations were carried out to map the area at 1:400 
scale and to collect relevant geological and geotechnical data 
in and around Narayanbagar landslide. The Narayanbagar 
landslide has been mapped at 1:400 scale to incorporate the 
required features of the slide. Geologically, Narayanbagar 
town occupies a very interesting position in the Pinder River 
Valley of Lesser Himalayas. Narayanbagar is lying in the 
Almora Nappe, very close to the boundary of Almora and 
Berenag Nappe.  Boundary of these two Nappes Almora and 
Berenag is marked by the easterly dipping Thrust 
(Valdhya,1980). In fact, Narayanbagar area is falling in this 
thrust zone. Basically, four major rock types namely Phyllite, 
Talk-calc-muscovite Schist, Quartzite, and Amphibolite 
intrusive were encountered in the area. These rocks are highly 
weathered and form a thick soil cover in the slided zone. 




CAUSES OF LANDSLIDE  
During the study of Narayanbagar landslide it was observed that 
there are many geological, geomorphological as well as man 
made factors, which added to the instability of the slope. The 
results of the interaction of all these causative factors lead to the 
Narayanbagar landslide. The causative factors are summarized 
as follows: 
1. Rocks are well jointed and highly weathered, absorbs 
the water due to which rocks loose strength 
significantly. Seepage of ground water into the 
landslide zone also decreases the strength of the 
material present in the landslide zone. 
2. Steep slopes in the slided zone. 
3. Rock bedding / major joints dipping to wards the valley 
side. 
4. Location of Narayanbagar landslide is reportedly 
tectonically disturbed one 
5. Toe erosion by the River Pinder. 
6. Heavy traffic on the road passing landslide zone. 
7. Regular inflow of the waste water from the houses 
and the agriculture fields into the slide zone saturated 
on the upper side of the Narayanbagar landslide.  
8. Deforestation 
9. Ignorance towards the need of remedial actions at the 
initial stage of the landslide 
 
 
DISCRIPCTION OF THE LANDSLIDE  
 
Narayanbagar Landslide is a complex landslide, situated at 
km. 129 on A-B-G-K road. It was started initially at two 
places and later on merged into a single landslide with larger 
dimensions. A-B-G-K road passing through the Narayanbagar 
Landslide is located 22 meters above the Pinder River. This 
road is unmetaled, uneven and varies in width in the slided 

















The slided mass consists of material from clay to boulder size 
created from fragmented weathered rock material. Slope angle 
in the landslide zone varies from 700 at crown part to 150 close 
to the river. Average slope angle of the slide is 380/N660. The 
slide portions just above and below the road are steep, which 
is devoid of vegetation except the landslide portions where 
seepage water is available. Water seepages were observed at 
five places. Out of which at one place significant water 
seepage was observed close to the eastern flank. Middle 
portion of the slide above the road or below the main scarp is 
very gentle and dipping towards the valley side, where 
numbers of boulders rolled from the landslide crown are 
Fig. 3   A-B-G-K Road on Narayanbagar Landslide 
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collected. Similarly, many boulders are collected below the 
road, cleared from the road surface or brought by the River 



























About 1.5 meters subsidences were also observed on the road 
close to left flank i.e. upstream side. Two portions above the 
road are almost flat which are located at left and right flank of 
the slide. The left flank is surrounded by the agricultural land 
and moderately thick forest (bushes and trees). Beyond that on 
upstream side Kevar Stream limits the area. Above the crown 
portion agriculture fields are present sloping towards the slide. 
One Lord Shiva temple and couple of houses are situated 
which adds to the weight of overburden. One spring is also 
located about 75m above the crown. A fruit garden mainly of 
peach and Malta is located on the right flank (down stream) 
above the road. The landslide also affects the garden as trees 
are uprooted due to landslide activity extended in the vicinity 
of the garden. Tension cracks are also observed above the 
crown, which are a few centimeters to 45 cm. wide (Fig 5).  
 
Another major tension crack is also observed in the middle 
part of the slided zone just below the scarp of the slide. The 
morphological map of Narayanbagar landslide with all 





To determine the slope stability factor, it is primary 
requirement to map the area in an appropriate scale through 
which important features can be noticed in cross sections used 
for stability analysis. For this purpose, a detailed fieldwork 
was carried out to map the Narayanbagar landslide in        
1:400 scales with one-meter contour interval (Fig. 7) to 
incorporate the important features. During the fieldwork, a 
number of soil samples were collected from the slide to 

























As per the unified classification system of soils, samples have 
been classified as sandy silt and silt of high compressibility. 
First seven samples are of sandy silt type and last three 
samples falls in the category of silt of high compressibility. 
Cohesion ‘C’ values are in the range of 0.0 to 0.2 gm/cm2 
whereas angle of friction ‘f’ falls in the range of 260 to 300. 
On the basis of laboratory data it appears that most of the 
samples are of same type and falls in the type of sandy silt.  
 
In order to establish the present stability status of the 
Narayanbagar landslide three lines A-A’, B-B’ and C-C’    
(Fig. 7) have been chosen judicially to prepare cross sections 
to calculate the Factor of Safety (FOS) along these sections. 
After preparing the cross sections (Fig. 8) along the judicially 
chosen lines using contour map, center of slip circles and their 
range of radius is also chosen according to the geometry of the 
cross sections. Value of cohesion ‘C’ and the angle of internal 
friction ‘f’ were determined from the laboratory tests. 
Cohesion ‘C’ and the angle of internal friction ‘f’ were taken 
zero and 280 respectively for the determination of Factor of 
Safety (FOS). An available computer program, based on the 
Bishop’s method has been used to calculate the FOS along the 
chosen cross sections. It is found that FOS varies and in many 
slip circles it is less than unity indicating the instability 
conditions along these slip circles (Table-1). Therefore, it is 
very much essential to apply a set of remedial measures to 






Fig. 4   Accumulated boulders at the toe of landslide  
Fig. 5   Tension cracks at crown area of the landslide 
TENSION CRACK 
AT CROWN 
Paper No. 2.36                        5 
 
SUGGESTED STABLIZATION MEASURES 
 
Narayanbagar landslides took place due to the interaction of 
the various geological and other causative factors acting in the 
slope. After carrying out the investigations, it is found that 
Narayanbagar landslide requires a set of remedial measures to 
stabilize the slide. A digital elevation model (DEM) of the 
Narayanbagar landslide is also created by using contour data 
with the help of computer package (Fig. 9). This provides the 
field perception of the landslide, which is helpful to select the 
appropriate remedial measures and their best suitable locations 
where it can work efficiently. These remedial measures may 
be summarized as 1) Sealing of cracks which are lying above 
the crown and within the body of slide by impervious material. 
The top layer on the cracks should be waterproof by evenly 
spraying with suitable mixture of Bitumen, Kerosene and 
Paraffin wax and finished in such a way that the original slope 
should be maintained 2) Construction of lined catch water 
surface drains should be located very carefully after detailed 
study of topography and geometry of the slide zone, so that it 
should serve its purpose to collected the surface water and 
finally drained into the nearby stream. Number of inter 
connecting lined catch water drain are to be constructed on the 
Narayanbagar landslide to intercept the surface water. These 
water drains should be located along the periphery of the slide 
zone and to be constructed on existing water channel in the 
slide zone. Finally, water collected in the drains should be 
drained out into the River Pinder either through lined surface 
drain or through PVC pipes 3) Construction of road side lined 
drain all along the road portion passing through the 
Narayanbagar landslide is suggested to collect the water from 
the road, water from the portion of hill slopes below the catch 
water drain and additional seepage water seeping from the 
landslide material. 
 
The roadside-lined drainage should be linked with proper 
sized culvert and chute to carry the water to the river.             
4) Retaining wall of 2 meter height with weep holes at road 
side, passing through the landslide zone is to be constructed. A 
masonry retaining wall is designed to construct all along the 
uphill side passing through the landslide zone. This masonry 
retaining wall of top 0.5 meters, bottom 1.5 meters, height    
2.0 meters back face vertical and proper weep holes is 
designed using the existing property of the soil material. 
Masonry retaining wall is also required for some portion just 
below the middle part of the slide in down hillside.                
5) Alteration of geometry at places just above the road or 
flattering of slope is required at places. The boulders lying just 
below the road towards right flank should be removed in 
Narayanbagar landslide. The material lying just above the road 
has an average angle 500, which has to be lowered down to 200 
upto 2 m distance because retaining wall designed for side of 













Center (Point of 
Rotation) 
Radius FOS 
Max. depth of 
slip circle from 
the top(m), 
where FOS<1.1 
     
1 35.96 111 66.04 0.477   
2 37.76 95 50.91 0.42   
3 39.52 120 63.81 0.458   
4 82 120 48.5 1.051 20 
5 82 120 60.42 1.198   
6 18.28 120 87.64 1.645   
7 14.72 111 87.85 1.393   
8 90 108 37.11 1.25   
9 90 108 48.93 1.421   
10 63 106.6 64.4 0.907 40 
11 84.24 106.6 35.71 1.005 15.6 
12 84.24 106.6 47.52 1.201   
13 41.76 106.6 60.28 0.503 14 
14 75 100.8 56.17 1.111   
15 75 100.8 45.01 0.944 20 
16 75 146.3 74.54 1.115   
17 40.6 95.6 59.6 0.681 21.2 
18 40.6 95.6 68 0.875 31.6 
19 91.2 114 27.45 1.02 5.6 
20 91.2 114 39.82 1.293   
21 56.2 84 48.26 0.879 32 
22 77.44 84 30.39 1.059 26.8 
23 82 74.5 36.41 1.314   
24 82 74.5 41.85 1.215   
25 82 74.5 47.29 1.158   
26 87.24 92 22.35 1.08 24.8 
27 79.24 91 37.1 1.051 29.4 
28 80.24 120 60.94 1.156   
29 86.24 98 38.03 1.243   
30 80 114 55.55 1.122   
31 76.76 155.5 69.9 1.166   
32 76.76 64.5 42.24 1.677   
33 95.24 104 39.91 1.604   
34 74 149.5 77.76 1.12   
35 90 120 45.62 1.294   
36 86 103 36.13 1.087 22 
37 86 106 47.77 1.261   
38 83.24 132 58.78 1.188   
39 83.24 132 70.98 1.266   
40 60 177.5 107.12 1.003   
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Fig. 7   Contour Map of Narayanbagar Landslide 
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Fig. 9  DEM of Narayanbagar Landslide -A Side View  
 
After removal of the material, slope should be compacted 
manually. 6) Joining of large boulders lying at the toe of slide 
may serve in place of construction of a sausage wall/Gabion 
wall. Numbers of big boulders (more than 2m diameter/length) 
are lying at the toe of Narayanbagar landslide adjoining the 
River Pinder. These boulders lying on each other may be 
joined by grouting or some other method to form a single 
mass. This joined mass of boulders will act as a wall to check 
the pressure exerted by the river and at the same time will 
provide the toe support to the Narayanbagar landslide by its 
own weight. Moreover it will provide the free drainage of 
water because of its open space in between. Shape and 
direction of the single jointed mass of boulders should be 
designed in such a way that it should divert the river water 
along the mid course of the flood zone of the river and the 
height of the single mass should be kept equal to the height of 
the full reservoir level, 7) Biotechnical stabilization with 
shrubs and grass is required to protect the barren portions of 
the slope from the further erosion. Narayanbagar landslide 
area is required to be covered with good grass and local 
bushes to protect its barren surface. 8) Construction of road 
with pre-casted interlocking concrete blocks in the slide zone. 
These blocks are tough, highly resistant for the erosion and 
replacement of the damaged blocks can be made easily 





Narayanbagar landslide is a problematic slide activated every 
year especially in the rainy season. Since, it is situated in the 
vicinity of Narayanbagar town on the A-B-G-K road, which is 
the only road connects the two region Kumaun and Garhwal, it is 
prudent to adopt more protective approach to counter the 
landslide to prevent from further failure. The prevention and 
precaution should go together.  Otherwise implementing the 
preventive measure and leaving without maintenance may not 
work for long and therefore, prevention should follow the 
precaution. 
Due to interruption of the traffic, there has been considerable 
loss to the State exchequer and the local people of the area. The 
landslide has als o engulfed a large volume of land in the middle 
of the town. Uninterrupted roads are essential and have direct 
and indirect impact for the socio-economic growth of the hilly 
region. Since, the A-B-G-K road not only serves as a means of 
transport to carry people, but also the products, which they grow 
to the business centers for sale and vice versa. 
 
Therefore, keeping the strategic importance of the A-B-G-K road 
and the socio-economic aspects of the surrounding region, it is 
essential to restore the denuded slope of Narayanbagar landslide 
without any further delay. It is important for the successful 
restoration of the affected Narayanbagar slope that all the 
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